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SUMMARY
.

An investigationto determinetheeffectsof camberontheaerody-
namiccharacteristicsofa seriesofrectangularwingshavingvarious
aspectratiosandthictiess-to-chordratioswasconductdintheAmes
16-foothigh-speedwindtunnel,utilizingthetransonic-bumpmethod.
TheMachnumberrangeoftheinvestigationwasfrom0.6to1.12,with
a correspondingReynoldsnumberrangeof1.7to 2.2million.Thelift,
drag,andpitching-momentdataarepresentedforwingshavingaspect
ratiosof4,3, 2,1.5,and1, andNACA63A2XXand63A4xisectionswith
thickness-to-chordratiosof10,8, 6, 4, and2 percent.

INTRODUCTION

An investigationwasinitiatedinthe
tunnelto providecomprehensivedataasto

Ames16-foo%high-speedwind
theeffectsofaspectratio,

thickness,-andcamber-ontheaerodynamiccharacteristicsofa seriesof
rectangularwhgs throughoutthetransonicspeedramge.Thefirstpart
oftheinvestigation,whichwasconcernedwiththeuncamberedwings,has
beenreportedinreference1.

Thepurposeofthisreportistopresentthepartoftheinvesti-
gationdealingwiththewingshavingsectionscamberedfordesignlift
coefficientsof0.2and0.4.

Thirty-eightwingswithaspectratiosof 4,3, 2,1.5,and1 were
investigated.TheprofileswereNACA63QXX and63A4XXsectionshaving
thiclmess-to-chordratiosof10,8, 6,4,and2 percent.

%SupersedesrecentlydeclassifiedN/KMRMA~21il.1.byWarrenH.Nelson
andWalterJ.Kinmn,1952.
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dragcoefficient,twicesemispandrag
C@

twice8emispanlift
liftcoefficient, (J3

pitching-momentcoefficient,referredto 0.256,
twice”semispanpitchingmoment

C&

I)zaspectratio,~

lift-dragratio

M averageWch numberoverthewing
,,

.

ML

s

locslMachnumber .

totalwingarea(twicewingareaof semispanmodel.),sqft

v velocity,ftjsec

b twicespanof semispanmodel,ft

localwingchord,ftc

domeanaerodynamicchord, ,ft
plllz

E

J c dy
o

~ @, lb/sqft-C press~e,2P

t
E thickness-to-chordratio

spanwisedistancefromplaneof symmetry,ftY

a angleofattack,deg

airdensity,slugs/cuftP

slopeofliftcurvemeasuredatthedesignliftcoefficient,
perdeg ~
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APPARATUSANDMODELS

ThetestswereconductedintheAmes16-foothigh-speedwindtunnel,
emplo~ a transonicbumpwhichisdescribedindetailinreference2.
Theaerodynamicforcesandmomentsweremeasuredbymeansofa strain-
gagebalancehousedWide thebump.

Photographsillustratingthemountingofthewingsonthebumpare
showninfigure1. Theprincipaldimensionsandplanformsofthewings
areshowninfigure2. TheprofilesofthewingswereMC% 63A-series
sectionswiththictiess-to-chordratiosof10,8, 6 k,and2 percent,
camberedfordesignliftcoefficientsofO.2andO.~witha modified
a=o.8meanline(fig.3). Themodificationto themeanlinewasmade
tomaintaintheptraightportionsoftheNACA6A-seriesprofilesover
approximateelythelast15 percentofthechord.(Seereference3.)

Tenaspect-ratio-4wingsofthetwoprofilesandvariousthichesses
usedwereconstructandtheaspectratiosof 3,2,1.5,and1 were
obtainedby successivelycuttingoffthetips. Theaspectratiosand
thickness
table:

TheW@JB

ratiostestedforeachprofileareshowninthefollowtng

L

Aspect Thiclmess-to-chordratio
ratio 0.10 0.08 0.06 0.04 0.02

4 x x x x ---

3’ “-- --- x x ---,.
2 x x x x x

1.5 --” --- x x x

1 x x x I x x
L

withthiclmess-to-chordratiosof0.10,0.08,and0.06were
co~tructedofaluminumandthewingshavingthickness-to-chordratios
of0.04and0.02weremadeof steal.Theradiustipsofthewingswere
constructedby usingonehalfofthethiclmessat eachchordstationas
theradius.

A fencelocat&lthree-sixteenthinchfrmnthebumpsurfacewas
usedto preve?xttheflowthroughthegapbeixreenthewingandbump
surfacefromaffectingtheflowoverthewing.

——--- _... ______ ._ ____ _ _ ——_- .—— ... . ... —-
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TESTSANDPROCEDURE
.

.

Thelift,drag,andpitching-momentcharacteristicsofthewings
weredeterminedfora I&chnumberrangefrom0.60to 1.12. Thecorre-
spondingvariationofReynoldsnumberwithI&chnumberforthetestsis
shownb figure4. h general.,theangle-of-attackrangeforthese
testswas-6°to stall;however,in somecasesthematimumanglewas
limitedby thebendingstressatthewingroot. No datawereobtained
forthe2-percent-thickw@sofaspectratios4 and3 becauseof
structuralweaknessandflutterathighsubsonicspeeds.

Thetestdatahavebeenreducedto standardNACAcoefficientform.
A tarecorrectiontothedragofthewingswasmadeto accountforthe
dragofthefenceandsupport.Thisdragtarewasevaluatedby cutting
thewtngoffflushwiththefenceandmeasuringtheforcesonthefence
andSUppOI’t. Sincethemeasuredtare-dragcoefficientdidnotvary
appreciablywithchangesinMachnumberorangleofattack,a constant
valuewasusedthroughoutto correctthedragdata.Themagnitudeof
thetare-dragcoefficient,whichdependedontheareasofthewings,
was0.0066fortheaspect-ratio-1wingssmd0.0016fortheaspect-ratio-
4 wings.Theinterferenceeffectsofthefenceonthewingsandthe
effectsofleakagearoundthefenceareunknown.

A Machnumbergadientexistsinthebumpflowfieldwherethe
modelsaremounted.TypicalcontoursoflocalMachnumberintheflow
fieldareshowninfigure5. outlinesofthewingshavebeensuperim-
posedonthesediagramsto indicatetheI@chnumbergradientswhich
existedacrossthewingsduringthetests.No attempthasbeenmadeto
evaluatetheeffectsofthesegradients.ThetestMachnumberspresented
b thisreportaretheaverageMachnumbersoverthemlngs.

RESULTS

Thedragdatapresentedhereinshouldbeusedwithcaution,
particularlythatforthelowerMachnumbersoraspectratioswherethe
measuredforcesweresma12comparedtothecapacityofthebalance.
Otherfactorswhichcontributetotheuncertaintyofthedragdataare
thelargedragtares(fortheloweraspectratios),andtheMachnumber
~adientsexistingthroughouttheflowfieldofthebump. However,it
isbelievedthatthetrendsshownthroughoutthetransonicspeedrange
arequalitativelycorrect.

Thebasiclift,drag,andpitching-momentdataarepresentedforthe
wingsinfigures6 throughIL. Summarycurvesas a functionofMach
nuniberarepresentedfortheliftanddraginfigures12through15. The
lift-curveslopessho~minthesummaryfiguresaretakenthroughthe
designliftcoefficient.

.
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Thelift-drag ratiosas a
figures16 and17’.h viewof

5

functionofliftcoefficientaresho~min
theaforementioneduncertaintyindrag.—

someofthemaximumlift-dragvaluesmaybe inerror.Thiswouldbe-&’ue
onlyatthelowerMachnumbersandwherethemaximumlift-dragratios
occuratlowliftcoefficients,causingsmaXldifferencesindragto
~eatlyaffectthemaximumlift-dragratios.At thelowerMachnumbers,
however,thelift-drag ratiosforliftcoefficientsabovethatformaximum
lift-dragratioareprobablycorrect.

Thedatapresentedinthisreporthavebeenanalyzedinreference4,
utilizingthetransonicsimilarityrules.

Ames AeronauticalLaboratory
NationalAdvisoryCommittee

MoffettField,Cal.if.,
forAeronautics
Apr.U.,1952
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(a)Aspect+atio-4wing.

(b)Aspect+atiW wing.

Figurel.-WingmountedonthetranEonicbumpintheAmes16+oothigh–
speedwindtunnel.
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NA CA 63A.P08

/VA CA 63A/206
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NA CA 63A20P

Figure 3.- Prvfi/es of the NA CA 63A - series secilons lnve.stlgaied.
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